Many theories have been suggested in order to (Folia Morphol 2015; 74, 2: 219-224) 
IntroductIon
The septal aperture of the humerus (also called the subtrochlear foramen, intercondylar foramen) is a perforation in the bony lamina that separates the olecranon and coronoid fossae in the distal part of the bone ( Fig. 1) [22] . The lamina is present until 7 years of age, than is occasionally absorbed to a subtrochlear foramen [15] . Individuals with this trait may be able to overextend the elbow joint [8] . The frequency of the foramen among mankind ranges from about 0.3% to 60%, in different races [for the details see 18, 28, 34, 35, 39] . The cause of septal aperture has been widely discussed; however, the problem has not been solved yet. Some authors have suggested that it is an inherited characteristic [12, 37] . The marked variation in a frequency of septal aperture between different human populations has been given as evidence for genetic aetiology of the trait [22] . A number of researchers have suggested that septal aperture is simply connected with the impingement on the humeral septum by the olecranon and the coronoid process (a wider range of flexion and extension at the elbow joint, an overgrown coronoid or the olecranon process -mechanical theory) [3, 12, 22, 37] . There are some other assumptions regarding the aetiology of the subtrochlear foramen, namely to connect the septal aperture with bone robusticity [2, 3, 38, 43] , osteoarthritis, or osteoporosis [32] . However, the results have been questioned [22] .
Because of the ambiguity of septal aperture causes, it seems to be necessary to continue the analysis of the problem. To check the validity of mechanical theory, the correlation between the subtrochlear foramen and musculoskeletal stress markers has been analysed in this study. It could be expected that individuals with septal aperture would have more developed muscles. Musculoskeletal stress markers (MSM) [16] , (called also as entheseal changes, entheses) [1, 45] , are bone changes manifested as increased complexity of the surface where a muscle, a tendon or a ligament inserts onto the periosteum and into the bony cortex [4, 30] , in response to the force connecting with physical activity [13, 40] . That is why MSMs had been widely used as general level markers of physical activity in past populations [10, 13, 25, 36, 40] .
Some authors [2, 3, 38, 43] have found that less robust humeri are more likely to have septal perforation. Bone robusticity refers to the strength of the bone in terms of its shape and size [42] . It has been known that bones adapt their structure to mechanical loading, and increased mechanical forces lead to greater bone robusticity [21] . By taking the mechanical theory of septal aperture formation, it can be assumed that more robust (more physically loaded) individuals should have a greater tendency to septal aperture. So far, researchers have not been able to give any plausible explanation for the aetiology of septal aperture. Taking this uncertainty into consideration, according to its cause, further studies seem to be necessary. Knowledge about the phenomenon of subtrochanter aperture is important for anthropological and medical science. The aim of the present study is to examine the prevalence of septal aperture according to sex, skeletal side, age, and to investigate the correlation between septal aperture and MSM, and humeral robusticity. This analysis could be a link for researches on subtrochlear foramen aetiology.
MAtErIALS And MEtHodS
The sample comes from a medieval (10 th to 14 th century) burial site in Cedynia, Poland. Skeletons of 102 males (66 young adult, 54 middle adult), and 99 females (61 young adult, 38 middle adult) had been examined. Recommended methods had been applied to estimate the age and sex of the individuals [7, 11] . Age had been estimated through the analysis of the degree of changes on the surface of pubic symphysis and cranial suture obliteration. The age classes were based on Buikstra and Ubelaker [7] : young adults (20-34 years), middle aged adults (35-49 years). According to the high frequency of bone degenerative changes, individuals older than 50 years had not been included. Features of the cranium and pelvis had been assessed for sex estimation.
Septal aperture had been scored as absent (0) or present (1). The frequencies of septal aperture were calculated according to age, sex, and skeletal side. A MSM analysis had been carried out based on the variability scale, developed by Myszka and Piontek [27] . Six muscle attachment sites had been analysed ( Table 1 ). The attachment sites were assessed according to a three-point rating scale. Only changes of the robusticity type had been included in the scale [27] . [46] . Humeral robusticity had been calculated using the humeral robusticity index: HRI = (M7/M1) × 100; where M1 is the maximum length and M7 is the minimum shaft circumference. The measurements were taken by using the techniques proposed by Martin and Saller [20] .
The Spearman rank order correlation coefficients had been used to evaluate the relationship between septal aperture and other features (MSMs, HRI). Septal aperture had been tested for significant age, and sex differences, using Mann-Whitney tests. Differences between the frequencies of septal aperture on the right and left humerus had been calculated by use of the c 2 test for 2 × 2 tables. Critical alpha-levels had been set at 0.05. Statistical analyses had been preceded by use of Statistica 10.0 PL software.
rESuLtS
A statistical characteristic for humeral measurements, the HRI, and the main value from all available muscle attachment sites of the upper limb (xMSM) has been provided in Table 2 .
The frequency of septal aperture among the population from Cedynia is 7.5%. In this skeletal group males have a slightly higher frequency of septal aperture in comparison to females (right skeletal side), and the frequency of this trait is similar on the left skeletal side. But the differences are not statistically significant. The frequency data for septal aperture according to sex, skeletal side and Mann-Whitney sex differences have been provided in Table 3 .
In males, septal aperture has been more frequently observed on the right humerus, while among females, on the left humerus. However, neither sex differences between the frequency of septal aperture on the left and right skeletal side prove significant (males: c 2 = 0.14; p = 0.71; df = 1; females: c 2 = = 0.22; p = 0.64; df = 1). The raw frequency of septal aperture according to the skeletal side has been provided in Table 4 .
In the material from Cedynia, the differences between the prevalence of septal aperture among young adults and middle aged adults had not been observed; however, septal aperture has been more frequently observed among younger individuals, both in men and in female. The frequency data for septal *Statistically significant at p ≤ 0.05; N -number of humeri; n -number of humeri with septal aperture; % -frequency of humeri with septal aperture aperture according to age, and Mann-Whitney age differences, have been provided in Table 5 .
In the analysed material, males with less developed muscle markers (xMSM) of the right upper bone had proved more predicted to have septal aperture (R = -0.34). For the left bones and among females, the converse correlation had also been shown; however, the result did not prove to be statistically significant (Table 6 ).
dIScuSSIon
In the population from Cedynia, the frequency of septal aperture had been 7.5%. There were no statistically significant differences between septal aperture according to sex, skeletal side, and age. Therefore, this feature had been more frequently observed among males (8.5%). Lamina perforation among males had frequently been observed on the right humerus, while among females and younger adults it was more frequent on the left humerus, resulting in more septal apertures than in older ones (all these differences insignificant). These results are in contradiction to the majority of studies, where it was more prevalent in females [2, 17, 29, 32, 33, 43] , and left asymmetry has commonly been observed [2, 17, 18, 23, 29, 33, 34, 35, 43] . However, there are reports of higher incidence of subtrochanter foramen among males [12, 24] . Diwan et al. [9] have shown similar frequencies of septal aperture in both sexes. There are studies where the dominance of the right humerus in septal aperture frequency has been observed [28, 39] ; and there are also studies where the similar incidence of septal aperture on both sides has been observed [39] .
In the analysed skeletal material, males with stronger muscles (MSMs) have tended to have less septal aperture (a significant correlation observed on right humerus). Mays [22] has pointed out that the architecture and motion of the soft tissue (tightness/ /laxity of ligamentous and/or muscles) can play a role in septal aperture formation. It can be hypothesized that hypermobility of the elbow, as a consequence of ligamentous and/or muscles laxity, could be the reason of increased impingement of ulnar processes on the septum [22] . Weaker muscles can lead to higher joint laxity that causes joint hypermobility, impingement of coronoid and olecranon processes on the humeral lamina, which can finally lead to septal aperture formation [22, 32] . It may be stated that [2, 3, 38, 43] have found that a less robust humerus is more likely to have septal perforation. Mays [22] is sceptical, indicating that Trotter [43] gives little evidence that bones without septal aperture are heavier. Benfer and McKern [2] analyse only one comparison of the converse relationship between septal perforation and humeral dimensions. In our study, the correlation between septal aperture and humeral robusticity is converse, yet small and insignificant. On the basis of the results collected by Benfer and Tappen [3] , Mays [22] have suggested that in a larger humerus the contact of ulna processes, with septal lamina, can be insufficient to cause septal aperture, and therefore, more robust bones prevent lamina perforation. However, this thesis demands further study. Moreover, a more detailed analysis of the ulna process size and trochlear notch are needed.
Taking into account that number of conducted studies, we may confirm that individuals with more massive bones have stronger muscles [5, 26, 31, 41, 47] , and also suggest the same aetiology of muscle markers and bone robusticity should not be surprising. However, this requires caution, as some researchers are sceptical towards the existence of the relationship between bone robusticity and muscle marker formation, underlining the multifactorial aetiology of bone development [6, 41, 48] .
concLuSIonS
It could be hypothesised, that the hypermobility of the elbow can be one of the causes of septal aperture occurrence. It can be speculated that stronger bones (heavier muscles, more robust bones) increase joint tightness, and therefore, protect the humeral lamina from perforation. Verification of this thesis seems to be important for anthropological and medical science. For anthropologists, it could be important for the reliable reconstruction of past population's lifestyles.
For medical sciences, however, it could prove helpful in humeral fracture preventing. Therefore, further examination of aetiological factors of septal aperture are needed.
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